Objective: To investigate whether individual counselling on diet and physical activity during pregnancy can have positive effects on diet and leisure time physical activity (LTPA) and prevent excessive gestational weight gain. Design: A controlled trial. Setting: Six maternity clinics in primary health care in Finland. The clinics were selected into three intervention and three control clinics. Subjects: Of the 132 pregnant primiparas, recruited by 15 public health nurses (PHN), 105 completed the study. Interventions: The intervention included individual counselling on diet and LTPA during five routine visits to a PHN until 37 weeks' gestation; the controls received the standard maternity care. Results: The counselling did not affect the proportion of primiparas exceeding the weight gain recommendations or total LTPA when adjusted for confounders. The adjusted proportion of high-fibre bread of the total weekly amount of bread decreased more in the control group than in the intervention group (difference 11.8%-units, 95% confidence interval (CI) 0.6-23.1, P ¼ 0.04). The adjusted intake of vegetables, fruit and berries increased by 0.8 portions/day (95% CI 0.3-1.4, P ¼ 0.004) and dietary fibre by 3.6 g/day (95% CI 1.0-6.1, P ¼ 0.007) more in the intervention group than in the control group. There were no high birth weight babies (X4000 g) in the intervention group, but eight (15%) of them in the control group (P ¼ 0.006). Conclusions: The counselling helped pregnant women to maintain the proportion of high-fibre bread and to increase vegetable, fruit and fibre intakes, but was unable to prevent excessive gestational weight gain.
Introduction
The prevalence of obesity is rising among women of childbearing age. Further, a great proportion of women gain weight in excess of the recommendations (Institute of Medicine, 1990 ) during pregnancy (Gunderson and Abrams, 2000 , Gore et al., 2003 , Siega-Riz et al., 2004 . In Finland, the mean gestational weight gain has increased by 1 kg since the 1960s (Kinnunen et al., 2003) . Recommended gestational weight gain is associated to optimal foetal and maternal outcomes, whereas excessive weight gain increases the risk of pregnancy complications, infant macrosomia and caesarean delivery . Moreover, excessive gestational weight gain per se may increase subsequent risk of breast cancer (Kinnunen et al., 2004) . Excessive gestational weight gain is also one of the main factors explaining high postpartum weight retention (Gunderson and Abrams, 2000, Siega-Riz et al., 2004) .
The role of diet and physical activity as determinants of gestational weight gain is still unclear (Siega-Riz et al., 2004) . However, there is a need for behavioural interventions to advise pregnant women on the recommended ranges of gestational weight gain and promote healthy diet and regular physical activity to prevent subsequent obesity and the associated health problems (Siega-Riz et al., 2004) . To our knowledge, there are three previous interventions aimed at preventing excessive gestational weight gain (Gray-Donald et al., 2000 , Polley et al., 2002 , Olson et al., 2004 . In these studies, excessive gestational weight gain was prevented only among the subgroups of normal-weight or low-income pregnant women or not at all.
The aim of our study was to investigate whether individual counselling on diet and physical activity and information on gestational weight gain recommendations (Institute of Medicine, 1990 ) during pregnancy can have positive effects on diet and total leisure time physical activity (LTPA) and reduce the proportion of primiparas exceeding the recommended level of gestational weight gain.
Methods
Setting and general study design Each municipality in Finland is responsible for arranging maternity health-care services for its residents. Funding for maternity health care is covered by public tax revenue. Almost all (99.7%) pregnant women attend these public maternity clinics (MC) (National Research and Development Centre for Welfare and Health, 2004 ). The present study was conducted in six MCs in the city of Tampere and the town of Hämeenlinna, situated in southern Finland. The selection of the clinics was based on the MC clinics' administrative personnel's suggestion for suitable clinics. Three MCs volunteered to be intervention clinics and the remaining MCs were treated as control clinics.
In the Finnish maternity health-care system, primiparas are recommended to make 11-15 visits to a public health nurse (PHN) and three visits to a physician during pregnancy (Viisainen, 1999) . This study was implemented during five of these routine visits to PHNs at 8-9, 16-18, 22-24, 32-34 and 36-37 weeks' gestation. Altogether nine PHNs in the intervention clinics and six PHNs in the control clinics participated in the study.
Participants
The participants were pregnant women with no earlier deliveries. The exclusion criteria were age under 18 years, type I or type II diabetes mellitus (but not gestational diabetes mellitus), twin pregnancy, physical disability that prevents exercising, otherwise problematic pregnancy, substance abuse, treatment or clinical history for any psychiatric illness, inability to speak Finnish and intention to change residence within 3 months. The PHNs recruited the participants when they enrolled at the MC first time at the beginning of their pregnancy, usually by phone. Altogether, 69 women in the intervention clinics and 63 women in the control clinics gave informed consent for participation (Figure 1 ). Recruitment took place between August 2004 and January 2005. The study was approved by the Ethics Committee of the Pirkanmaa Hospital District.
Control clinics
The participants of the control clinics received the standard maternity care. Information on the PHNs' standard counselling practices was collected by questionnaire before the PHNs were trained for the study. According to the responses (n ¼ 13), the mean duration of dietary counselling was 12.4 min (range 5-30 min) at the first visit and 5.2 min (range 3-10 min), min at the subsequent visits. The mean Preventing excessive weight gain during pregnancy TI Kinnunen et al duration of the physical activity counselling was 7.5 min (range 3-13 min), min at the first visit and 4.5 min (range 2-8 min), min at the subsequent visits. The short mean durations of time spent on counselling refer merely to brief advice rather than actual counselling. All PHNs gave some information on gestational weight gain recommendations to most or all of their clients, usually during the first trimester of pregnancy. In the control clinics, the average recommended weight gain was 13.3 kg for underweight body mass index (BMIo20 kg/m 2 ), 10.6 kg for normal weight (BMI 20-26 kg/m 2 ) and 6.7 kg for overweight (BMI426 kg/m 2 ) women.
Intervention clinics
Recommendation for gestational weight gain. The participants were given information on the recommendations of Institute of Medicine (IOM) (1990) for total gestational weight gain during their first visit to the PHN at 8-9 weeks' gestation. These recommendations are specific for different pre-pregnancy BMI categories: 12.5-18.0 kg for BMI o20 kg/m Physical activity counselling. The physical activity counselling consisted of one primary counselling session (allocated time 20-30 min) at the 8-9 weeks' gestation visit and four booster sessions (allocated time 10-15 min) until the 37th gestation week. The counselling procedure was based on the behaviourally grounded model of Laitakari and Asikainen (1998) . The primary counselling session began with a discussion about the participant's current LTPA and continued with a discussion about the participant's needs and opportunities to increase LTPA. The general benefits and restrictions of LTPA were also raised with the help of a take home leaflet. Finally, an individual weekly LTPA plan was written into the participant's follow-up notebook. Concluded from the physical activity recommendations for health (Pate et al., 1995) and fitness (American College of Sports Medicine, 1998), which also apply during pregnancy (Artal and O'Toole, 2003, Davies et al., 2003) , a minimum of 30 min of moderate-intensity physical activity on 5 weekdays was considered sufficient for health and a minimum of 40 min of high-intensity physical activity three times per week for fitness. By using multiples of resting metabolic equivalents (METs) with MET value 5 for moderate-intensity and MET value 7 for high-intensity LTPA, 800 MET minutes (METmin) was estimated to represent both of the minimum requirements. After making the weekly plan, the fulfilment of 800 METmin in the LTPA plan was checked by the PHNs by multiplying the frequency, duration (minutes) and MET value of weekly LTPA. As opposed to physical activity recommendations, light-intensity LTPA (MET value 3) was also taken into account in the calculations to improve compliance to the plan. At the booster sessions, the participant's adherence to the plan was assessed, the plan was revised, if needed, and the METmin were checked.
As a part of the LTPA plan, the participant had an option to attend supervised group exercise sessions, which included both endurance and muscular training. The group sessions were held once a week for 45-60 min at a location close to each intervention clinic.
Dietary counselling. Dietary counselling focused on four topics considered to be important in the prevention of excessive gestational weight gain in this population (Männistö et al., 2003 , Hasunen et al., 2004 , Nordic Council of Ministers, 2004 . The following dietary objectives were set for each participant to achieve or to maintain: (1) to have a regular meal pattern, emphasising the importance of breakfast and X1 hot meal every day, (2) to eat at least five portions (400 g) per day in total of different kinds of vegetables, fruit and berries, (3) to consume mostly highfibre bread (X5 g fibre/100 g) and (4) to restrict the intake of high-sugar snacks to p1 portion per day (e.g. 50 g sweets, one pastry, once piece of cake, two biscuits, 2 dl ice cream or a glass of soft drink).
The dietary counselling consisted of one primary counselling session (allocated time 20-30 min) at 16-18 weeks' gestation visit and three booster sessions (allocated time 10 min) until the 37th gestation week. The model of Laitakari and Asikainen (1998) was also applied to the dietary counselling. At the beginning of the primary counselling session, the PHN assessed the participant's current dietary habits concerning these four topics using the baseline food frequency questionnaire. After comparing the personal habits to the recommendations, the PHN and the participant discussed the participant's need for dietary changes, as well as her opportunities for and barriers to making the changes. The participant also received two take home leaflets on healthy diet. The participant was asked to keep record weekly of her compliance to the four objectives in her follow-up notebook. At each booster visit, the followup notebook was checked and the records were discussed.
Main outcomes
The outcome for gestational weight gain was the proportion of women gaining weight over the BMI-specific recommendations. The dietary outcomes included meal pattern (breakfast and X1 hot meal/day), overall intake of vegetables, fruit and berries (portions/day), use of high-fibre bread (% of bread with X5 g fibre/100 g of total weekly amount of bread), intake of high-sugar snacks (portions/day) and total energy intake (kJ/day). Total METmin/week were used as an outcome for LTPA.
Data collection
Body weight and other pregnancy data were obtained from the maternity card. Pre-pregnancy weight and height were Preventing excessive weight gain during pregnancy TI Kinnunen et al self-reported. Body weight was measured in light clothing and without shoes at every MC visit. The scales were calibrated to the reference scale within 70.5 kg at the beginning and at the end of the study. The baseline questionnaire including questions on background (e.g. education, smoking), dietary intake (a 57-item food frequency questionnaire) and LTPA was completed before the first visit (at 8-9 weeks' gestation). The first LTPA and dietary follow-up questionnaires were completed before the first booster sessions, which were at 16-18 weeks' gestation for LTPA counselling and at 22-24 weeks' gestation for dietary counselling. The second follow-up questionnaires were completed at the end of the study, that is, at the 37th gestation week. The baseline dietary information was based on diet during 1 month before pregnancy and the follow-up information on diet during the previous month. LTPA at baseline illustrated a typical week before pregnancy and at follow-up a typical week during the past 3 weeks. The questions on LTPA were modified from the International Physical Activity Questionnaire, IPAQ (Craig et al., 2003) , and the amount of breathlessness was used to describe light-, moderate-and high-intensity LTPA to the respondents. The participants also kept food records for 3 days (one Sunday and two working days) after the first visit and in the 37th gestation week.
Statistical methods
Baseline information on age, weight, height, BMI, education level and smoking status were reported in the intervention and the control groups. These variables were later included when necessary as confounding factors in the multivariable analyses. In all statistical analyses, Po0.05 was used as the level of statistical significance.
Differences in body weight changes by gestation week were compared between the intervention and the control groups using analysis of covariance (ANCOVA) of repeated measures. The dependent variables in the model were the weight measurements at the four last visits related to the study and at the last visit during pregnancy. Average total pregnancy weight gain was compared between the groups and the differences were tested statistically using the twosided independent samples t-test. The group differences in the proportions of women who gained weight below, within and over the recommended ranges were tested by using twosided w 2 -test. The proportion of women exceeding the weight gain recommendations was further analysed with logistic regression model. The groups of women with weight gain below or within the recommendation were combined in this analysis. The changes in the dietary outcomes and total METmin/week from baseline to 36-37 weeks' gestation were compared between the groups and tested statistically by using ANCOVA for dietary outcomes and ANCOVA of repeated measures for total METmin/week.
The proportions of glucosuria, proteinuria, hypertension, oedema, preeclampsia, low (o2500 g) and high birth weight (X4000 g) infants were compared between the intervention and the control groups and tested statistically using Fisher's exact test. The two-sided independent samples t-test was used to test the differences in gestation weeks at delivery, duration of delivery and infant's birth weight between the groups.
Results
The flow of participants and reasons for drop-outs are summarized in Figure 1 . Forty-three women (88%) in the intervention group participated in all physical activity and dietary counselling sessions, but all 49 women participated in the primary physical activity and dietary counselling sessions. Five women missed one physical activity and/or dietary booster session and one woman missed two physical activity and dietary booster sessions. Women in the intervention group were younger, less educated, more often smokers and they had higher pre-pregnancy weight and BMI on average than the women in the control group (Table 1) . Figure 2 shows the unadjusted mean body weight changes in the intervention and the control groups by gestation week. The intervention had no significant effect on weight change at any of the six measurement points, when adjusted for age, pre-pregnancy BMI, weight at the first visit, education, prepregnancy smoking status, oedema and gestation week at the last weight measurement (ANCOVA of repeated measures, P ¼ 0.88). Moreover, the mean gestational weight gain did not differ between the groups (Table 2) . A greater proportion Preventing excessive weight gain during pregnancy TI Kinnunen et al of the women in the intervention group exceeded the BMI-specific gestational weight gain recommendations than in the control group (46 vs 30%), but the difference was not statistically significant (Table 2) . When adjusted for confounders, the odds ratio (OR) for excessive gestational weight gain did not differ statistically significantly between the groups (OR 1.82, 95% confidence interval 0.65-5.14).
Gestational weight gain

Changes in diet and physical activity
The intake of vegetables, fruit and berries, adjusted for confounders, increased by 0.8 portions/day more in the intervention group from baseline to 36-37 weeks' gestation compared with the controls (Table 3 ). The proportion of high-fibre bread of the total weekly amount of bread decreased more in the control group than in the intervention group (a difference of 12%-units between the groups), when adjusted for confounders. Both of these between-group differences were also observed at the short-term follow-up at 22-24 weeks' gestation (results not shown). In addition, the Preventing excessive weight gain during pregnancy TI Kinnunen et al adjusted intake of dietary fibre increased by 3.6 g/day more from early pregnancy to 36-37 weeks' gestation in the intervention group compared to the controls. Differences in the changes in the use of high-sugar snacks or in the intake of energy or macronutrients were not statistically significant between the groups. Moreover, there were no differences between the groups in the proportion of women having breakfast and at least one hot meal per day. This criterion was fulfilled by 88% of the intervention and 86% of the control women at baseline and by 100% of the intervention and 96% of the control women at 36-37 weeks' gestation. Figure 3 shows the changes in the unadjusted mean of weekly METmin by gestation week in the intervention and the control groups. As expected, the level of total LTPA was reduced from baseline to the 36th-37th gestation week in both groups. However, no statistically significant differences were observed between the groups from baseline to the 22nd-24th gestation week or the 36th-37th gestation week, when adjusted for age, pre-pregnancy BMI and education. There were no differences in the physical workload between the groups at baseline.
Pregnancy and fetal outcomes
There were eight infants (15%) with high birth weight (X4000 g) in the control group but none in the intervention group (P ¼ 0.006). However, there were no statistically significant differences between the groups in the incidence of low birth weight (o2500 g) infants (0 in the intervention group vs 1 in the control group) or in the other pregnancy or fetal outcomes.
Discussion
This study is one of the few interventions aiming at preventing excessive gestational weight gain. The intervention was carried out in a primary health-care setting where the PHNs implemented the dietary and physical activity counselling at five routine MC visits. The intervention maintained the proportion of high-fibre bread of total weekly amount of bread and increased the intake of vegetables, fruit and berries and dietary fibre, but did not have an effect on total weekly LTPA or gestational weight gain.
These results partly concur with the results from the other three interventions with a similar aim but a somewhat different study design and/or population than in our study. In the first study, conducted among aboriginal Cree-women, the intervention included, for example, individual dietary counselling and physical activity sessions (Gray-Donald et al., 2000) . The intervention had no effect on gestational weight gain, physical activity or diet (except for caffeine intake). The second study (Polley et al., 2002) was a randomized controlled trial comparing a stepped-care behavioural intervention with usual care. The intervention significantly decreased the proportion of women exceeding the IOM recommendations for gestational weight gain among the normal weight women, but not among the overweight women. However, the intervention had no effect on changes in fat intake (the only dietary outcome) or in exercise level. In the third study (Olson et al., 2004) , the intervention included guidance on and monitoring of gestational weight gain by health-care providers and education on weight gain, diet and exercise during pregnancy by mail. A historical control group was used in this study. The intervention was effective in low-income women (both normal weight and overweight women) but not in highincome women. However, data on the effect of the intervention on dietary intakes or physical activity were not reported. In summary, two of these studies were able to prevent excessive gestational weight gain, but only in selective subgroups.
With regard to the fetal outcomes, there were no high birth weight infants (X4000 g) in the intervention group, whereas eight (15%) infants in the control group had a high birth weight. A high birth weight increases the risk of prolonged labour, birth trauma, birth asphyxia, caesarean birth and perinatal mortality, although most prominently in infants with birth weight X4500 g (Institute of Medicine, 1990 , Lederman, 2001 ). There were some characteristics of the eight control women, which might explain the high birth weights of their infants. On average, these women were taller, they had higher gestational weight gain and a longer gestation than the other women in the intervention and the control groups. In addition, they consumed more high-sugar snacks, favoured low-fibre bread and decreased the total level of LTPA during pregnancy more than the other women. However, there were no differences in the incidence of glucosuria between the mothers of high birth weight infants and the other women. Based on the maternity cards, oral glucose tolerance test had been performed only for 14 women in the intervention group and 11 women in the Preventing excessive weight gain during pregnancy TI Kinnunen et al control group on average at 26 (range 16-36) weeks' gestation. Of them, six women in the intervention group and one woman in the control group had gestational diabetes mellitus (diagnosed if serum glucose concentrations were X4.8 mmol/l at fasting, X10.0 mmol/l at 1 h or X8.7 mmol/l at 2 h). However, the oral glucose tolerance test was performed only to one of the eight women with a high birth weight infant and she did not have gestational diabetes mellitus at 28 weeks' gestation.
The limitations of this study were partly due to the fact that this was primarily a pilot study testing the protocol for a larger study. The lack of randomization was probably the most important limitation. The baseline differences between the groups might have been smaller if we could have randomized the clinics. The intervention group had a higher mean pre-pregnancy BMI than the control group, which may have increased their risk for excessive gestational weight gain (Siega-Riz et al., 1994 , Caulfield et al., 1996 , Carmichael et al., 1997 , Lederman et al., 1997 , Cogswell et al., 1999 , Olson and Strawderman, 2003 . Stopping smoking during pregnancy is another risk factor for high gestational weight gain (Ö hlin and Rössner, 1990) . There were more smokers in the intervention group than in the control group at baseline and all smokers in both groups either stopped smoking (n ¼ 21) or cut it down from daily to occasional smoking (n ¼ 3) during pregnancy. The intervention group was also less educated than the control group. Although it is not clear whether education is associated with excessive gestational weight gain, education is known to be associated with diet and BMI but not with physical activity in Finnish women (Helakorpi et al., 2005) . Pre-pregnancy BMI, smoking status and education were taken into account in the analyses, but the baseline differences in these variables between the groups may have contributed to the efficacy of the intervention.
The control PHNs usually recommended their clients a 2-3 kg smaller weight gain on average than that recommended by the IOM; the PHNs in the intervention clinics followed the IOM recommendations. This may have led to a lower gestational weight gain among the control women, as the amount of gestational weight gain recommended by health professionals is linked to actual weight gain during pregnancy (Cogswell et al., 1999) . Another possible explanation for the minor effects of this intervention is that the control group had some dietary and physical activity counselling as a part of the standard maternity care. Finally, awareness of being in a trial may have influenced both the control PHN's counselling practices as well as the control women's health behaviour.
The small sample size was also a major limitation of this study, reducing possibilities to detect statistically significant effects of the intervention. The clinic-level variation could not either be taken into account by using multilevel analysis due to the small number of clinics. There were also more drop-outs in the intervention group (29%) than in the control group (11%). Although the drop-out reasons were only partly related to the study, the drop-outs might have been less motivated to change their health behaviour. Body weight was measured at each visit, but pre-pregnancy weight was self-reported. Overweight women are known to underreport their body weight more often than normal weight or underweight women (Rowland, 1990) . However, as the amount of weight gain from pre-pregnancy to the first visit was similar in all the BMI categories, it is unlikely that underreporting was common among the overweight women. Information on diet and LTPA was obtained by questionnaires, which have not been validated among pregnant women.
Several lessons were learned from this pilot study. The PHNs implemented the counselling sessions as a part of the routine visits in primary health care. The participation rate in the counselling sessions was excellent as only a few booster sessions were missed. The pregnant women in this study were healthy primiparas who had relatively healthy dietary and LTPA habits. Therefore, their possibilities to further improve some of these habits were limited. Selecting a risk group (e.g. overweight and obese women) might have increased the effectiveness of the intervention. In the following larger study, it might be useful to concentrate on increasing the intake of vegetables, fruit and berries and the proportion of high-fibre bread (and other high-fibre cereal products). Additionally, inclusion of counselling related to dietary fat should be considered instead of trying to reduce the intake of high-sugar snacks, which was not successive in this study. The above mentioned topics are emphasized in the general dietary recommendations (Nordic Council of Ministers, 2004) , although the evidence of their effect on gestational weight gain is limited. It could also be beneficial to monitor gestational weight gain more intensively, for example, by using individual BMI-specific weight gain charts such as in other studies (Polley et al., 2002 , Olson et al., 2004 , Althuizen et al., 2006 .
In conclusion, this intervention had an effect on some dietary habits, but not on total LTPA or gestational weight gain. Larger randomized controlled trials are needed to show whether and how excessive gestational weight gain can be prevented by dietary and physical activity counselling.
